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Abstract 
Indo-Japanese lidar system established over a tropical station, Gadanki (13.5 N,79.2 E), India is in operation since 
1998.Using this system regular observations of upper troposphere clouds, and aerosols at stratospheric heights were 
made. The Moderate Resolution Imaging Spectroradiometer (MODIS) measurements on the Terra spacecraft are also 
used for remote sensing of high altitude clouds aerosols from space. Data collected using the polarization lidar during 
the period 1998-2004 are selected for systematic investigation and presentation. Several tropical cirrus cloud 
structures have been identified with low to moderate ice content. Occasionally thin sub visible clouds in the vicinity 
of tropical tropopause have been identified. Lidar observations clearly show occurrence of cirrus clouds over this 
station with varying thickness. The interseasonal variation of cirrus occurrence frequencies shows much of the 
occurrences during the monsoon season. 
The aerosol measurements in the upper troposphere and lower stratosphere show low aerosol content with vertical 
distribution upto 35km altitude. Scattering ratio (SR) and aerosol extinction are found to exhibit seasonal and 
interannual variations in upper troposphere (UT) and lower stratosphere(LS).SR in UT in 2001 and 2004 during 
winter is lower than that of summer, while LS winter profiles are found to have higher SR values apparently 
experience a shift in altitude corresponding to the seasonal change in tropapause indicating a relation between the two. 
The correlation observations made using MODIS satelite are compared with lidar data for systematic statistical 
study. 
1. Introduction 
aerosols. As the aerosols and clouds in higher altitude 
play an important role in the Earth's radiation budget 
Over the past two decades the lidar technique has and its climate (Ackerman and Chung 1992)., it is of 
been found to be a potential remote sensing method for interest in this paper to study their properties using the 
probing the earth's atmosphere. Depending on the monostatic Nd: YAG lidar, measurements and compare 
design of the lidar, a variety of atmospheric parameters with MOD ISdata for the observations made over a 
may be measured, including aerosol and cloud tropical station located at National Atmospheric 
properties, temperatures and species concentration. Research Laboratory (NARL), Gadanki 
Lidar has the capability to delineate the position and 2. Lid ar site and observations 
spatial structure of clouds in the atmosphere. Because 2.1 Lidar site 
of its high spatial resolution, it can be used to locate Gadanki (13.5ｰN, 79.2ｰE) is a tropical rural site 
cloud base and its top with a good precision that is not located at an altitude of about 375 meters above mean 
possible with any other remote sensing technique. sea level and about 80 km from the Bay of Bengal coast, 
Another thrust area where the backscatter lidar has the in southern India .In summer at Gadanki the minimum 
prospective application in the atmospheric research is and maximum surface temperatures range from about 
the spatial and temporal evolution of dust particles or 22ｰC to 43ｰC; while in winter the temperature varies 
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from about 13ｰC to 32℃ 
The Indo-Japanese Lidar (IJL) system installed at 
NARL by NICT (CRL) has b een measurmg upper-
tropospheric clouds and the stratospheric aerosol 
backscatter at 532nm wavelength with dual polarization 
since March 1998. The basic lidar signal represents the 
total backscatter that contains returns from both 
molecules and particle part of the atmosphere. The 
particulate part of the atmosphere represents either 
aerosol or clouds composed of ice crystals or 
hydrometeors. The strength of aerosol or cloud 
backscatter is usually represented in terms of the 
backscatter ratio. The noise-corrected lidar signal is 
subjected to range normalization and inversion (Fernald 
1984) to derive the backscatter ratio profile and details 
are reported (Bhavani Kuamr etal 2006). 
The Moderate resolution Imaging Spectroｭ
radiometer (MO DIS) is the primary imager on the Earth 
Observing Systems Terra platform. The MODIS data 
are generally processed into different levels from level 
1 (radiances or brightness temperature) level 2 (derived 
geographical data products) and level 3,with the 
integration of the level 2 products the level 3 daily, 
eight-day, and monthly mean products are generated 
globally at a 1ｰxl.0Latitude-longitude grid resolution. 
The MODIS Cloud Product combines infrared and 
visible techniques to determine cirrus reflectance. 
Atmospheric monthly mean and annual mean high 
associated with deep convection (Houze 1993) to 
optically thin cirrus layers frequently observed near the 
tropopause (Boehm et al. 1999).The Indo-Japanese 
lidar (IJL) system, equipped with polarization diversity, 
has detected several different structures of tropical 
cirrus in the altitude ranging from IO to 17 km with 
derived peak volume depolarisation in the range of 0.1 
to 0.32 .Figure 1 show the two different nights of 
cirrus detection with single layer and multiple layers. 
Single layer cirrus shows the observation of cloud at 
21 :04 LT and after some time the cloud was not 
observed and again appeared. Other night figure shows 
two-layered cirrus cloud where one layer appeared at an 
altitude of 12 km and another layer at 15 km. 
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Fig I. Case studies of LIDAR observed single and 
multiple layers of eirrus cloud. and Height profiles of 
aerosol back scattering ratio integrated over 2-hour 
period as seen by lidar on 16-17 march, 16-17 
October,28-29 December 1998 and 19-20 January 
1999. cloud reflectance are used in this study. 
2.2 Observations of high altitude clouds and 
stratosphenc aerosol Typical height profiles of aerosol backscatter ratio 
The appearance of deep cumulus clouds during integrated over two hour period, as observed by 
convective periods is a common phenomenon at Indo-Japanese lidar, on the nights of 1 炉 March, 16th 
tropical latitudes. The formation of high altitude clouds October, 28 December! 998 and 19th January 1999 is 
such as cirrus in the tropics plays a particularly shown in Figure 1 Each lidar height profile of aerosol is 
important role in the Earth-atmosphere radiation budget. shown with a corresponding radiosonde temperature 
Tropical cirrus develops in a variety of forms, ranging profile that is obtained from the nearest meteorological 
from optically thick anvil cirrus that is closely station, Chennai for identification of the local 
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tropopause altitude. The horizontal arrows indicate the occurrence during monsoon period. Similar interannual 
altitude of cold-point tropopause obtained from these statistics are obtained with the recently available 
temperature measurements. A significant observation MODIS terra data set and are shown in Fig. 3. 
from these height profiles is the extended vertical 
d" "b . f 1stn ut1ono stratosphenc aerosol. There are no 3 2 S• easonal variation rn vertical profiles of 
noticeable sharp enhancements in aerosol backscatter aerosols 
observed at the stratospheric heights. This confirms that To understand the further seasonal variations in 
during the time of our observations the tropical upper aerosol characteristics SR values are plotted from 10 to 
troposphere and stratosphere over Gadanki appears free 30 km for winter and summer seasons for the year the 
from volcanic aerosols and what we observe now is the years 2001,2004 and 2005 as shown in fig 4.Horizontal 
background variable aerosol (Barnes and Hofmann bars represent 士 1 o-and are plotted at 2 km interval 
1997, 2001; Jaeger 1998). The horizontal bars show for purposes of clarity and illustration. The winter and 
standard error dR in the measurements of R for a few summer variation in SR is found to exhibit a relation 
sample heights for clarity. with tropopause altitudes. The mean tropopause altitude 
for summer (77 days) and winter (51 days) were found 
3. Results and discussion 
3.1 Interannual and interseasonal occurrence 
statistics 
The variability of cirrus cloud interannually and 
interseasonally has been studied using ground based 
LIDAR set Measurements taken only during 1998-2004 
cloud free nights. In figure3, LIDAR observed 
interannual observations showed significant 
enhancement in percentage of occurrence of cirrus 
during 2001 and less occurrences during 2002. The 
cloud variation can be understood with reference to 
monsoon conditions and the year is accordingly divided 
into four seasons viz., Winter (December, January and 
February), Pre-monsoon (March, April and May), 
Monsoon (June, July and August) and Post-monsoon 
season (September, October and November).The 
LIDAR observed interseasonal statistics show higher 
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Fig. 2 (a) Interseasonal and interannual frequency 
statistics derived from lidar and MODIS Terra 
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Fig 3 Winter and Summer scattering ratio profiles and 
550 nm derived aerosol optical depth from 
MODIS Terra satellite compared with 532 nm 
integrated aerosol extinction in the 10-30 km 
region over Gadanki during 2001-2005 
to be 17 km.(temperature 193.71K) and 17.3 km 
(temperature 191.89K) respectively. 
3.3 Aerosol optical depth and integrated 
extinction 
Winter and summer scattering ratio profiles and 
Monthly mean AODs for Gadanki during 2001-2005 
with the integrated aerosol extinction from 10 -30 km 
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derived from 532 nm lidar are plotted in fig 3. 5 year present observation, the tropical upper 
mean 550 nm AOD is found to be 0.32 while 5 year troposphere and lower stratosphere over 
10-30 km integrated extinction at 532 nm from lidar is Gadanki site appears free from volcanic aerosols 
estimated to be 0.04.This value indicates that on an what we observe now is the background variable 
average about 12% of AOD is contributed from 10-30 aerosols. SR in UT in 2001 and 2004 during winter is 
km while the rest co~es from the lower altitudes of the lower than that of summer, while in LS winter profiles 
troposphere. A ODs derived from MOD ISare found to are found to have higher SR values. In 2001 and 2004 
be higher than 0.4 during March-November 2004 and the mean SR values are higher than in summer in LS. 
2005 respectively. Both the columnar AOD and the 10- In 2005 no significant winter -summer differences in 
30 km integrated extinction are found to be exhibit SR are seen in UT and LS which could be due to minor 
seasonal variations. It should also be noted that AODs volcanic eruption that took place in 2005. 
over Gadanki on an average are higher during 2004 and 
2005 when compare to the prev10us years. The monthly Acknowlegements: 
mean AODs and integrated extinction from 10-30 km M. Krishnaiah thanks JSPS, Japan for the Invitation 
during 2001-2005 yielded a positive correlation Fellowship 2008. The authors would like to 
coefficient of 0.62,suggesting that aerosols in the lower acknowledge with thanks the numerous contributions 
troposphere could contribute to UT and LS aerosols by their colleagues at the NARL India and (NICT), 
over Gadanki The increasing trends in UT and LS Japan in successfully operating the lidar facility under 
aerosols, the yearly increase in AOD during 2001-2005 an Indo-Japanese collaboration 
and the lower -upper troposphere coupling over "The MODIS Level 3 images used in this study 
Gadanki are relevant in terms of climate change over were acquired using the GES-DISC Interactive Online 
the Indian sub continents the increasing aerosol Visualization and Analysis Infrastructure (Giovanni) as 
abundance over India any be impacting the monsoon. part of the NASA's Goddard Earth Sciences (GES) 
Data and Information Services Center (DISC)." 
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